The study of a benthic macroinvertebrate collection from the Iranian coasts off Assaluyeh led to obtain the first data on the cumacean fauna of the Persian Gulf. During two sampling campaigns carried out in August 1998 and November 2002, eight species belonging to the families Bodotriidae and Nannastacidae were collected. Four of them are new to science, namely Cyclaspis adiastolos, Eocuma carinocurvum, Heterocuma inerme and Pseudosympodomma persicum. All new species, and two rare ones (i.e. Cumella cf. schieckei and Eocuma travancoricum), are described and keys to the species of Heterocuma and Psedosympodomma are provided. The local distribution of the cumacean assemblages off Assaluyeh is characterized by its homogeneity during the different sampling periods.
Introduction
The Persian Gulf is a shallow (36 m mean depth), semi-enclosed basin with a low rate of water exchange (up to 5 years) (Sheppard, 1993) . Higher than freshwater inputs (i.e. precipitation and river inflow) evaporation causes increase water density in surface layer.
Dense, salty water sinks to the bottom and move out from the Persian Gulf through deeper portion of the Strait of Hormuz. The reverse estuary circulatory model is analogue to that observed in the Mediterranean Sea (Reynolds, 1993) .
A relatively low biotic diversity has been reported for the area. It is often attributed to the natural stress induced in the ecosystem by the existing extreme environmental conditions (Price et al. 1993) . For instance, surface temperature varies from <15°C at the north coast during winter time to 30°C near the Strait of Hormuz in the summer period, and it may reach over 35°C at 30 m deep in the Iranian coasts. In turn, always high salinity rangs from around 37‰ near the Strait of Hormuz to 40‰ at the Iranian coast. Much higher values of salinity as around 50‰ or 70‰ can also be observed off the south and west coasts of the Gulf.
Alternative explanation for the low diversity rely on the short existence of the Gulf in recent time due to its complete drying out in the late Pleistocene (Sheppard 1993 ).
However, scarcity of taxonomic or faunistic studies in the area could hide reliable data.
Thus, recent studies on the polychaete fauna are revealing that all species of the family Chaetopteridae of the genera Spiochaetopterus, Mesochaetopterus and Chaetopterus found off Assaluyeh are new to science (Bhaud et al. 2003; D. Martin, unpublished results) . Also it was proved that previously mentioned Owenia fusiformis represents a new valid species (Martin et al. in progress) Although Cumacea are known from the Red Sea, SE coast of India and Maldives Islands (see Kurian 1951 Kurian , 1954 Bacescu & Muradian 1975; Radhadevi & Kurian 1989 , 1990 Mühlenhardt-Siegel 1996 , 2000 , among others) they have never been studied in the Persian Gulf. Therefore, the study of a benthic macroinvertebrate collection from the Iranian coast provides the first data on the cumaceans of the Persian Gulf and four new species are described
Material and Methods

Study area
Samples were collected along the Iranian shoreline, at the East coast of the Persian Gulf near Assaluyeh (north Nay Band Bay, 250 km south of Bandar Bousher, 27°30'S, 52°35'E). The seawater temperature and salinity near the bottom ranged from 35.5°C (1998) to 32.5°C (2002) and from 39. 4‰ (1998) to 37.3‰ (2002) respectively. The solids suspended in the water column ranged from 2.5 mg · l -1 at surface to 6.5 mg · l -1 at the bottom in summer, when water is also characterized by a very low oxygen concentration (Eric Dutrieux, personal observation). Continental waters run occasionally toward the North and the South from an outlet channel (opening between stations 11 and 16), always tending to remain close to the shore so that they do not affect the area inhabited by the cumaceans.
Sampling methods
Five transects of 3 km long were positioned perpendicular to the coast from North to South along the shoreline. On each transect, 3 stations were distributed from the deepest margin of the coral reef belt to the depth of about 30 m. Samples were collected in August 1998 and November 2002 using a van Veen grab (35 x 42 x 90 cm, about 0.1 m 2 per grab). One litre of sediment from one grab at each station was transferred into a wide-mouthed double-closing 500 ml polyethylene flasks and stored in the dark until used for physico-chemical analyses.
Laser granulometry (% volume) was performed on dry sediment after sifting through a 0.8 mm mesh sieve using a Malvern Mastersizer S laser granulometer. Sediments were characterized by the percentage of silt and clay (diameter < 63 µm) and sand (0.2 mm < diameter < 2 mm) and the median grain diameter. Sediment water content (%) was measured according to the European experimental AFNOR (standard X 31-102). Concentration of total organic matter (% dry weight) was calculated by steam-drying at 105°C, according to the AFNOR (standard NF U 44-160). Estimates of organic carbon have been made according to the European experimental standard NF ISO 14235 (oxidation method 0.1% m/m).
The density of cumaceans was estimated on the basis of a total sampling area of 0.3 m 2 (i.e., three grabs). The grab contents were gently mixed in a container and then sieved out on board by pouring the contents through a 1 mm mesh sieve. The retained sediment was transferred to a plastic bag, fixed with a 4% formaldehyde/seawater solution, stained with Rose Bengal and stored until sorted. After sorting, all specimens were preserved in 70%
ethanol.
As for the morphological observations, the cumaceans were dissected in lactic acid and stained with black of Chlorazol. Etymology. Greek word meaning not separated, confused, referring its great resemblance with C. cingulata, which we were firstly confused with.
Remarks. Although the great resemblance of C. adiastolos sp. nov with C. cingulata Calman, 1907 , the study of the type material of the latter clarified their differences. In C. cingulata the transversal ridge encircle entirely the carapace and clearly separates it in two parts, even on the middorsal line. Near the lower margin, this ridge curves forward reaching the margin, as well as in specimen figured by Calman (1907: pl. 4, figs. 1, 2) . In C. adiastolos the transversal ridge is interrupted on the middorsal line and does not reach the lower margin of the carapace. Moreover, C. cingulata has two dorsal parallel carinae on the posterior third of carapace, which are reduced to a two semicircular tubercles in C. adiastolos.
Genus Eocuma Marcusen, 1894
Eocuma carinocurvum sp. nov. (Fig. 4, 5 Eyelobe rounded, with three lenses; pseudorostral lobes short and wide, meeting in front the eyelobe.
Antennula peduncle 3-articulate; article 1 flattened, broader at base; article 2 and 3 cylindrical; main flagellum 2-articlulate and with 2 aesthetascs, accessory flagellum rudimentary. Mouth appendages do not dissected in order to preserve de holotype. Maxilliped 7 plumose setae on inner margin; merus produced distally; carpus with distal inner corner acutely produced; dactylus slender and longer than propodus. Pereopod 1 basis flattened and expanded centrally, slightly longer than following three segments combined length, with an acute process distally; merus half length of carpus; propodus shorter than merus and as long as dactylus. Pereopod 2 very small, basis shorter than the rest of appendage, with 4 long plumose setae; ischium absent; merus, carpus and propodus similar in length; dactylus twice as long as propodus. Pereopod 3 basis shorter than the rest of appendage, with 4 long plumose setae; merus longer than carpus; carpus with 4 long simple setae, 2 of them distally; propodus with 1 long simple seta distally. Pereopods 4 and 5 similar, basis shorter than the rest of appendage, with long plumose setae; merus longer than carpus; carpus with 2 simple seta on the margin and 2 long simple setae distally.
Uropod peduncle shorter than half length of rami, with 5 plumose setae on inner margin; endopod subeuqual to exopod, with 19 long plumose and 3 acuminate setae on inner margin and one spiniform terminal seta; exopod 2-articulate, proximal article half length of distal one, which has simple setae on inner margin and one acuminate microsetulate seta distally.
Etymology. Referring to the shape of the pair of dorsal carinae of the carapace.
Remarks. Eocuma carinocurvum sp. nov. resembles E. hilgendorfi Marcusen, 1894 by:
carapace dorsoventrally flattened, the entire border carinae, the paired dorsal ridges and the eyelobe with three lenses. Both species may be distinguished by the shape of dorsal carinae, which are more or less parallel and reaching the hinder margin of the carapace in E.
hilgendorfi while they are curved to the lateral margin in E. carinocurvum, and the shape of the lateral horns that are acute and forward directed in E. hilgendorfi. Kurian and Radhadevi (1983) described E. striata only by comparison with E. sanguinea without illustrations.
Although E. striata has a pair of dorsal carina, it lacks lenses on the eyelobe and the width of the posterior margin of carapace is a third of those measured across the horns.
Eocuma longicorne Calman, 1907
Eocuma longicornis Calman, 1907: 20-21, pl. 6, figs. 1-6 .
Eocuma producta Calman, 1907: 24-25, pl. 6, figs. 18-20 .
Eocuma longicorne Stebbing, 1913 : 21. Kurian, 1951 .
Material examined. Assaluyeh, north Nay Band Bay, Persian Gulf: 2 pread. females, 1 pread. Maxilliped 1 basis produced distally and with 7 plumose setae on inner margin; carpus with seven flattened setae on inner margin. Maxilliped 2 basis longer than the rest of appendage with 2 long plumose setae distally; carpus longer than merus, with plumose setae on inner margin. Maxilliped 3 basis short, as long as the following three segments combined length, distal part produced into a long, narrow, curved process reaching beyond the mero-carpal articulation, with a row of setae on inner margin; ischium shorter than merus, with four plumose setae on inner margin; merus produced distally; carpus longer than propodus;
propodus and carpus slender. Pereopod 1 basis slightly longer than the three following segments combined length, produced distally beyond the end of ischium into a pointed process; carpus sligthly longer than propodus and more than twice as long as dactylus.
Pereopod 2 small, basis shorter than the remaining segments, ischium fused, with the basis.
Pereopod 3 and 4 similar, basis longer than rest of appendage with plumose setae on margins and 1 simple seta on distal corner; merus as long as carpus; carpus and prropodus with 1 long simple seta on distal corner; dactylus shorter than its distal seta. Pereopod 5 basis shorter than rest of appendage merus as long as carpus; carpus and prropodus with 1 long simple seta on distal corner; dactylus shorter than its distal seta.
Uropod peduncle with 4 plumose setae on inner margin, shorter than half length of rami.
Both rami of the same length; endopod with 8 plumose and 3 acuminate setae on inner margin, its tip with a setulated seta; exopod 2-articulate with 2 plumose setae on inner magin of the article 2, its tip with 2 curved setulated setae. Pereopod 2 ischium fused with the basis, basis as long as the following three articles combined lengths; merus carpus and propodus of similar length; dactylus longer than propodus with 4 setae terminally and 2 setae on the margins.
Uropod peduncle shorter than half length of the endopod, with some simple and plumose setae on inner face. Endopod 1-articulate, with several plumose and microsetulated setae on inner margin. Exopod 2-articulate, as long as the endopod, with plumose setae on dorsal and ventral margins and a pair of curved setulated setae on the tip.
Remarks. Specimens from the Persian Gulf agree with the description of Kurian (1951) . Only small differences were observed in the orientation of the lateral horns that could be due to the relative position of the carapace.
Distribution. South coast of India (Kurian 1951) and Persian Gulf, between 23 and 28 m depth.
Genus Iphinoe Bate, 1856
Iphinoe calmani Fage, 1945 ? Iphinoe sp. Calman, 1907: 28. Iphinoe calmani Fage, 1945: 189-193, figs. 15-19; Kurian 1954: 276-278, fig. 1a-b; Radhadevi & Kurian, 1982: 136-137; 1989: 21; 1990 : 29. Remarks. Females and juveniles of this species can be identified by a gap in the dorsal serration of the carapace after the first (or the second in adult females) tooth. The length of the carapace is slightly more than twice its depth.
Distribution. Viet Nam (Fage, 1945) , Thailand (Calman 1907) , Andaman Islands (Kurian 1954 ), East and West coast of India (Radhadevi & Kurian 1989 , 1990 ) and Persian Gulf.
Between 4 and 27 m depth.
Subfamily Vaunthompsoniinae Sars, 1878
Genus Heterocuma Miers, 1879 acuminate setae on inner margin, some simple setae on ventral face and 1 plumose setae on distal outer corner. Maxilliped 2 basis longer than rest of appendage with 2 long plumose setae distally; carpus longer than propodus and dactylus combined length, with simple and plumose setae on inner margin; propodus broader distally; dactylus shorter than propodus with a long acuminate seta terminally. Maxilliped 3 basis produced distally, reaching beyond mero-carpal articulation, inner margin of the projection with long plumose setae; ischium short with four plumose setae on inner margin; merus produced distally with a long plumose seta on the tip of the projection; carpus with the inner margin convex; propodus slightly longer than dactylus. Pereopod 1 basis shorter than the rest of appendage, with some setae on the distal half of both margins; ischium shorter than merus; carpus near twice as long as merus and longer than propodus; propodus with a group of long setae on its distal end; dactylus shorter than propodus with two long setae. Pereopod 2 basis shorter than rest of appendage, with a rudimentary 1-articulate exopod; ischium very short; merus with a outstanding acuminate seta distally; datylus longer than merus and carpus, with some rows of acuminate setae, distal seta the longest. Pereopod 3 basis longer than the remaining segments together, with a 1-articulate exopod; carpus sligthly shorter than merus, with 2 simple setae on margin and 3 long simple setae on distal corner; propodus half length of carpus, with 1 long simple seta on distal corner. Prereopods 4 and 5 similar, basis shorter than rest of appendage, with some simple setae; ischium less than half merus length; carpus sligthly shorter than merus, with 3 simple setae on margin and 3 long simple setae on distal corner.
Last pleonite not produced between the uropod peduncles, laterally emarginated. Uropod peduncle shorter than rami, with 15 acuminate setae on inner margin; endopod 2-articulate, slightly shorter than exopod; article 1 shorter than 2, with 10 acuminate setae on inner margin, most distal seta the longest; some plumose setae on outer margin; second segment with 8 microsetulate setae on inner margin and 3 longer on the tip, outer margin with 7 plumose setae. Antennula peduncle 3-articulate, article 1 nearly as long as the remaining two, articles 2 and 3 equal in length; accessory flagellum rudimentary, with 3 setae; main flagellum 2-articulate, article 1 twice long as article 2, with some aesthetascs on the proximal half; article 2 with 2 aesthetascs and 2 long simple setae. Pereopod 1 basis shorter than the rest of appendage with 6 plumose setae on ventral margin; carpus near twice as long as merus and longer than propodus; propodus longer than dactylus and its terminal setae combined length, with a group of long setae distally. Pereopod 2 with a 1-articulate exopod.
Uropod peduncle nearly as long as the rami; peduncle inner margin with several unequal setae that are more numerous and arranged in different rows in the middle; endopod 2-articulate, article 1 as long as article 2, with 12 acuminate setae on inner margin and 8 plumose setae on outer margin; article 2 with 8 setulated setae on inner margin, 7 plumose setae on outer margin and a long microsetulated seta terminally; exopod article 1 shorter than article 2; article 2 with 9 long plumose setae on inner margin and 4 microsetulated setae terminally.
Etymology. From the Latin inermis, meaning unarmed, referring the smooth lower margin of anterolateral angle.
Remarks. Heterocuma inerme sp. nov. resembles very much H. andamani Kurian, 1954 but it differs by the smooth anterolateral margin of carapace, the carpus of first pereopod that is longer than propodus, the number of plumose setae on the second antenna of female, and the lower number of setae on the endopod of uropod. Moreover, the second and third pereonites have only a paired dorsal carina and lack the prominent dorsolateral and lateral carinae that are characteristic for E. andamani. Both species have the article 1 of endopod shorter than article 2, which differentiate them from H. sarsi Miers, 1879. This character was misunderstanded by Day (1978) in her key of the genus Heterocuma, who mentioned H. sarsi as having uropod endopod article 1 shorter than article 2.
Key to the species of Heterocuma shorter than rest of appendage, with 3 small acuminate setae on the inner margin; ischium half length of merus; propodus as long as merus and carpus combined length; dactylus sligthly longer than merus. Pereopod 2 basis shorter than the rest of appendage; ischium very short with 1 long plumose seta; merus near as long as the carpus, both with acuminate setae on distal margin; dactylus longer than two preceding articles, with 3 small acuminate setae proximally and 4 setae terminally, being the longest half length of dactylus. Pereopod 3 basis longer than rest of appendage with some plumose setae on the margin and 1 on the distal corner; merus shorter than carpus, with 1 simple seta on distal corner; carpus with 3 long simple setae on distal corner; propodus half length of carpus, with 1 long simple seta distally.
Pereopod 4 and 5 similar, basis shorter than following 3 articles combined length, with plumose and simple setae; merus shorter than carpus; carpus with 3 long simple setae on distal corner; propodus less than 1/3 of carpus.
Uropod peduncle 1.3 as long as endopod, with 29 acuminate setae on the inner margin.
Endopod 2-articulate, longer than exopod; article 1 longer than article 2, with 10 acuminate setae on inner margin and 8 setae on the outer margin; article 2 with 10 acuminate setae on the inner margin, 7 on the outer margin and 1 distally. Exopod article 2 with 12 acuminate setae on the outer margin, a row of plumose setae on inner margin and 3 long acuminate setae distally.
Adult male, 9.3 mm total length. Carapace 1.75 as long as high, with paried middorsal carina running from behind frontal lobe to posterior margin of carapace. Antero-lateral angle rounded and lower margin smooth. Pereonites 2-5 with paired middorsal carina.
Uropod peduncle longer than rami with more than 40 acuminate and microsetulate setae.
Endopod 2-articulate, slightly longer than exopod; article 1 longer than article 2, with 18 acuminate and 10 microsetulate setae on inner margin and 11 simple setae on outer margin; article 2 with 16 acuminate setae on inner margin, 7 simple setae on outer margin and 2 long acuminate setae terminally. Exopod 2-articulate, article 2 with 11 long plumose setae on inner margin, 14 simple setae on outer margin and 4 microsetulate setae terminally.
Etymology. Referring the type locality.
Remarks. Pseodosympodomma persicum sp. nov. is related with P. africanum (Stebbing, 1912) and P. hoinicae Petrescu, 1998 in having the first segment of the uropod endopod longer than second, but differs from the P. africanum in smooth lower margin of the carapace and from P. hoinicae by a greater number of setae on the uropods. Moreover, P. persicum has the dorsal median carina of the female paired on the hinder third of the carapace while it is single in the other two species. This last feature is of high relevance in the differentiation of species of this genus (Corbera & Martin 2002 Description. Ovigerous female 1.82 mm total length. Carapace less than 1/3 of total length, with a small posterior gibbosity; eyelobe rounded; anterolateral angle without ornamentation;
in two specimens there is a tooth in the centre of the middorsal line while in the rest, the carapace is smooth.
The three articles of antennula of decreasing length from the basal to the distal; main flagellum 2-articulate with 2 distal aesthetascs; accessory flagellum rudimentary. Maxilliped 3 basis shorter than rest of appendage, distal outer corner produced slightly and with 2 long plumose setae; merus also produced distally and with 1 long plumose seta; carpus shorter than propodus. Pereopod 1 basis slightly longer than the 3 following articles combined; carpus 1.5
as long as propodus. Pereopod 2 basis shorter than the rest of appendage, with a simple seta distally; ischium short; merus slightly shorter than carpus; dactylus twice length of propodus and armed with several acuminate setae, being the longest longer than the article. Pereopod 5 carpus shorter than basis and 1.5 as long as propodus.
Uropod peduncle slightly shorter than telsonic somite, with 2 small acuminate setae on inner margin. Endopod longer than exopod, having 2 acuminate setae on inner margin and a long seta distally. Exopod 2-articulate, article 2 with a distal seta longer than the segment.
Remarks. The specimens collected in the Persian Gulf agree with the description of Cumella schieckei in the proportions of uropod that has the peduncle slightly shorter than the last pleonite, the anterolateral angle smooth and the lack of ornamentation on the dorsal line of the carapace. However, two adult females, collected in 1998 at the station 13, have a dorsal tooth on the center of carapace. The possibility that carapace ornamentations could present intraspecific variations, as observed in C. limicola Sars, 1879 (unpubl. data), suggest assigning provisionally the material of the Gulf to C. schieckei.
Distribution. Cumella schieckei is only previously known from the Red Sea between 2 and 3 m depth (Bacescu and Muradian 1975) .
Ecological remarks
The environmental conditions of the studied area were very similar during August 1998 and November 2002 ( Table 1 ). The only differences occurred for the organic matter (lower in 1998 than in 2002) and the organic carbon (higher in 1998 than in 2002) contents. Thus, the cumacean assemblages were also very similar (Table 1) . Environmental (mainly linked to sediment) characteristics, however, seems to have a relevant influence on the cumacean assemblages, as their density and diversity tended to be higher when the gravel content increased and tended to decrease when both the organic matter content and depth decreased. 
